AUTOMATIC KERNING OF TEXT 



The present invention relates to kerning and, in particular, a method of adjusting 
the keming distance between adjacent characters either with or without use of previously 
stored kerning distances for character pairs. 
Background Art 

The traditional way of automatically providing kerning is to have a look-up table 
for each possible pair of characters in a font giving the kerning distance for that pair of 
characters. In this way the printer or other display device knows to what extent the 
spacing between the characters should be adjusted in order to give an aesthetically 
pleasing result. The kerning distances entered in such memories or look-up tables are 
essentially empirically derived. 

This process is difficult if the number of characters is very large since the 
number of entries in the look-up table then very substantially expands. One approach to 
this problem is described in US Patent No. 5,432,890 (Canon KK) in which essentially 
unidirectional data is used to modify the kerning distance. 

The above described arrangement works well with regular character fonts, 
however, as will be explained hereafter, problems can arise with fonts which are 
modified, or have some form of perturbation, or are in some way irregular. 

Since the use of modified, perturbed or otherwise irregular fonts is increasing, 
the present invention seeks to find a way of automatically adjusting the kerning distance 
between adjacent characters in order to provide a kerning method which, whilst able to be 
used with regular characters, is also able to be used with modified or otherwise irregular 
characters. 

Summary of the Invention 

In accordance with the first aspect of the present invention there is disclosed a 
method of modifying a kerning distance between a pair of modified characters having a 
shape different from the same pair of characters but unmodified, said method comprising 



the step of deriving from the changes in shape of the modified characters in the kerning 
direction a modified kerning distance. 

In accordance with a second aspect of the present invention there is disclosed a 
method of adjusting the kerning distance between adjacent characters in a character string 
without use of a previously stored distance for each character pair, said adjacent 
characters comprising a first, positioned character, and a second character to be positioned 
adjacent said first character and spaced therefrom by the kerning distance, said method 
comprising the steps of making said second character approach said first character, 
calculating a two dimensional measure of the approach of said second character to said 
first character, and stopping said approach when said two dimensional measure passes a 
threshold value. 

In accordance with a third aspect of the present invention there is disclosed a 
system for adjusting the kerning distance between adjacent characters in a character string 
without use of a previously stored distance for each character pair, said adjacent 
characters comprising a first, positioned character, and a second character to be positioned 
adjacent said first character and spaced therefrom by the kerning distance, said system 
comprising approach means to make said second character approach said first character, 
calculating means to calculate a two dimensional measure of the approach of said second 
character to said first character, and threshold means connected to said approach means 
and. said calculating means to stop said approach when said two dimensional measure 
passes a threshold value. 

In accordance with a fourth aspect of the present invention there is disclosed a 
computer program product for adjusting the kerning distance between adjacent characters 
in a character string without use of a previously stored distance for each character pair, 
said adjacent characters comprising a first, positioned character, and a second character to 
be positioned adjacent said first character and spaced therefrom by the kerning distance, 
said product comprising approach means to make said second character approach said 
first character calculating means to calculate a two dimensional measure of the approach 
of said second character to said first character, and threshold means interacting with said 



approach means and said calculating means to stop said approach when said two 
dimensional measure passes a threshold value. 

In accordance with a fifth aspect of the present invention there is disclosed a 
method of adjusting kerning for modified characters where a kerning value for each 
unmodified character pair is known, said method comprising the steps of: 

1. estimating an amplitude of the character modification in the kerning 
direction for each character of the pair, and 

2. increasing the kerning value for each character pair by substantially the 
sum of said amplitudes. 

In accordance with a sixth aspect of the present invention there is disclosed 
apparatus for adjusting the kerning values for modified character pairs based on a known 
kerning value for each unmodified character pair, said apparatus comprising first memory 
means to store said known kerning value for each unmodified character pair, value 
adjusting means to add to each said known kerning value substantially the sum of the 
estimated amplitudes of the character modification for each character of the pair in the 
kerning direction, and second memory means to store the sum of said addition as an 
increased kerning value for each modified character pair. 

In accordance with a seventh aspect of the present invention there is disclosed a 
computer program product for adjusting the keming values for modified character pairs 
based on a known kerning value for each unmodified character pair, said product 
comprising first memory means to store said known kerning value for each unmodified 
character pair, value adjusting means to add to each said known kerning value 
substantially the sum of functions which are applied to the estimated amplitudes of the 
character modification for each character of the pair in the keming direction, and second 
memory means to store the sum of said addition as an increased kerning value for each 
modified character pair. 




Brief Description of the Drawings 

Various embodiments of the present invention will now be described with 

reference to the drawings in which: 

Fig. 1 is a schematic representation of known kerning arrangements, 

Fig. 2 illustrates how these arrangements break down in the case of modified 

characters, 

Fig. 3 illustrates the need for different kerning spacings based upon the nature of 
the adjacent characters, 

Figs, 4 and 5 illustrate the keming of adjacent characters in accordance with a 
first embodiment of the present invention, 

Fig. 6 illustrates a histogram of the spacing between adjacent characters in Figs. 

4 and 5, 

Figs. 7 and 8 illustrate the sequence of events in the keming of adjacent 
characters in accordance with a second embodiment of the present invention, 

Fig. 9 is a three-dimensional perspective view illustrating the principles of the 
second embodiment, 

Fig. 10 illustrates the "city block" distances from a given pixel P 5 

Fig. 1 1 illustrates the "city block" contoured distances from an irregular surface 
of a character, 

Fig. 12 illustrates the use of a convex hull as a limit in kerning, 

Fig. 13 illustrates the use of vertical edges of bounding boxes as a limit in 

kerning, 

Fig. 14 illustrates what might happen to the characters of Fig. 13 in the absence 
of such a limit, 

Fig. 15 is a view of two unmodified characters showing the kerning value for 
such characters, 

Fig. 16 is a view similar to Fig. 1 but showing the arrangement for modified 
characters, 



Fig. 17 is a schematic circuit diagram of one embodiment of hardware by means 
of which the preferred embodiment of the present invention can be implemented, 

Fig. 18 is a view of two characters modified by a large amplitude, low frequency 
perturbation, 

Fig. 19 is a generalisation of the circuit of Fig. 17, 

Fig. 20 is a schematic block diagram of a general purpose computer able to 
implement the system of the preferred embodiments, and 

Fig. 21 is a process flow diagram which can be practiced on the general purpose 
computer described in relation to Fig. 20. 
Detailed Description including Best Mode 

Fig. 1 illustrates a prior art kerning technique used with regular characters in 
which the height of adjacent characters is exactly the same (since the vertical extent of a 
capital T is the same as the vertical extent of a lower case h). As a consequence, 
measuring the smallest horizontal distance between adjacent characters can be used to 
provide an appropriate kerning distance x. A similar measure can be used in the case of, 
say, a capital T and a lower case o since the lower case o nestles up against the stem of the 
T by a distance x and it does not matter if the cross-bar of the T extends over the lower 
case o. 

However, if the characters should be modified as indicated in Fig. 2, various 
difficulties arise. Consider the situation where the modification to the conventional 
characters is to angle all the cross portions upwardly from left to right so that a capital T 
has a sloping cross-bar as illustrated in Fig. 2. Under these circumstances, the top of the 
lower case h is not aligned with the right-hand edge of the cross-bar of the T. As a 
consequence, using the same horizontal distance x between the adjacent characters results 
in the two characters being placed too closely together and an aesthetically unpleasing 
result occurs. 

Fig. 3 illustrates the situation where adjacent characters need to be spaced apart 
to different extents because of the nature of the characters. Where the adjacent pair is Ex, 
the two characters approach to the closest extent immediately adjacent the "line" upon 
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which the character string is being assembled. Since the characters only approach at this 
point, the distance between the characters should be relatively small. However, in the 
event of the character pair Bx, since the lower curve of the B to some extent nestles into 
the "v" of the side of the lower case x, then the spacing between the adjacent characters 
5 should be increased to provide for the illusion of more "white 1 ' space between the "black" 
characters. Where a look-up table is provided for all the various possible pairs of 
characters, these aesthetic considerations can be easily taken into account, even if this is 
essentially empirical or subjective. 

However, where characters are able to be modified at will by the user of a 
10 computer system, the concept of a look-up table specifying kerning distance becomes 
unworkable because the number of character pairs is astronomically high. Further, it is 
q generally not possible for the supplier of the computer system to predict all possible 

l % combinations of modified characters and empirically determine a kerning spacing for each 

"p! of them. 

y3 15 . Figs. 4 and 5 illustrate how these problems can be overcome by introducing a 

i.rj two-dimensional nature into the measurement of spacing between adjacent characters. In 

l"^ Fig. 4 the characters lower case l and lower case h are to be positioned next to each other 

in a character string. The position of the "left-hand" character lower case 1 is first 
L>H determined and then fixed. The "right-hand" character lower case h is then notionally 

:.g 20 placed in a start position as illustrated by broken lines and moved to the left as seen in 
Fig. 4 into a finish position as illustrated by solid lines. As the lower case h approaches 
the lower case 1 a series of measurements are taken each of which is a horizontal distance 
r between the right-hand edge of the lower case 1 and the left-hand edge of the lower case h. 

The various horizontal distances are spaced apart vertically and result in a histogram as 
25 illustrated on the left-hand side of Fig. 6. 

As indicated in Fig. 5, a similar process is carried out in relation to adjacent 
letters lower case 1 and lower case x. This results in a different series of measurements 
which are indicated in the right-hand histogram of Fig. 6, 



In accordance with the first embodiment of the present invention, the average 
distance of each histogram is calculated and, in addition, also calculated is the variance of 
each of the measurements from that average distance. For the left-hand histogram of Fig. 
6 it will be apparent that the variance of the histogram is zero. In accordance with the 
first embodiment of the present invention a zero variance should be equated to a 
minimum kerning distance and therefore the lower case h ceases its approach towards the 
lower case 1 only when a minimum threshold value is reached. The minimum threshold 
value is the minimum kerning distance. 

However, in relation to the character pair illustrated in Fig. 5, and the resulting 
right-hand histogram of Fig. 6, it will be seen that there is a substantial variance in the 
right-hand histogram of Fig. 6. Therefore the approach of the lower case x towards the 
lower case 1 in Fig. 5 should be stopped later. That is to say the threshold value is 
decreased because there is vertical variance from the mean of the various horizontal 
distances. 

Preferably the adjustment of the kerning distance is inversely proportional to the 

variance. 

In the second embodiment illustrated in Figs. 7 and 8, the character pair capital B 
and lower case c are shown. The left-hand character, B, has a fixed position and the right- 
hand character, c, is made to approach it from the right. For both characters a contour of 
spacing from the exterior surface of the character, or the character outline, is calculated by 
the computer controlling the printer or other display device. As indicated in Figs. 7 and 8, 
a first contour line being a first predetermined spacing distance from the exterior of the 
characters is indicated by dotted lines. The outline of the characters themselves is 
indicated in solid lines. A second contour, being twice the predetermined contour 
distance from the character outline is indicated by a dot dash line, and so on if necessary. 
In the embodiment of Figs. 7 and 8, the right-hand character, c, approaches the left-hand 
character, B, until the second contour lines just intersect as indicated in Fig. 8. This is 
because for the second embodiment illustrated in Figs. 7 and 8 the threshold value is 
deemed to be the intersection of the second contour line. 



Fig. 9 illustrates schematically in three-dimensional form the placement of the 
letters E, x, c into a character string. The position of the first character, E f is fixed. The 
second character, x, is approaching from the right and this approach is stopped when a 
given contour of the two characters intersect. In Fig. 9 the third character, c, is "waiting 
in the wings". Therefore the contours for the character c will not be calculated until such 
time as the positioning of the second character, x, is finalised. In this way only two full 
character contours need to be calculated and therefore the computational burden on the 
computer is reduced. Once the position of the second character, x, is finalised, the 
contour of the first character, E, is overwritten with the contours already calculated for the 
character, x, and the contours for the next character, c, are then calculated. These two 
pairs of contours are then used in order to determine the positioning of that character. 

It will be appreciated by those skilled in the art that the spacing between adjacent 
characters is calculated from the nature of the characters themselves and therefore does 
not depend upon any previously stored information. In particular there is no kerning look- 
up table. Naturally there are penalties to be paid in relation to this procedure, particularly 
in relation to the speed with which the kerning distance between adjacent characters can 
be determined. 

Fig. 10 illustrates one known method of determining a spacing from a given 
pixel P. The immediately adjacent pixels, of which there are four are numbered 1 and are 
regarded as being a unit spacing from the pixel P. The next most adjacent pixels, of 
which there are eight, are regarded as being spaced a distance two units from the pixel P 
and thus are indicated in Fig. 1 0 by the numeral 2. This determination of spacing from a 
given pixel is known as "city block" (or Manhattan distance) spacing. 

Fig. 11 illustrates how "city block" spacing can be utilised to determine a spacing 
contour. In Fig. 1 1 the shaded pixels constitute, for example, the left-hand side of the 
character A. As a consequence, the "contour line" being one unit spacing from the 
character edge is indicated by the line of pixels numbered 1 . Similarly, the contour line 
spaced two units from the edge of the character is indicated by the line of pixels numbered 
2, and so on. In this way it is easy to determine a contour map of the general type 



indicated in Figs. 7, 8 and 9. Other methods of calculating a contour can also be used 
including Euclidean distance methods. 

In some instances it is necessary to provide a limit to the kerning distance to be 
calculated above. Fig. 12 illustrates one form of limit in which the convex hull of the 
character as indicated by a broken line in Fig. 12 is used to provide a limit beyond which 
an adjacent character cannot extend. The convex hull is well known in computing circles 
■o be the outline formed by stretching a rubber band around the character. Fig. 12 
illustrates how a lower case o cannot approach an upper case T any closer than the 
boundary provided by the convex hull of the upper case T. 

Figs. 13 and 14 illustrate a similar problem in relation to some other characters 
being an "on the line dash" (generally used in underlining), a plus sign, and an apostrophe. 
Fig. 13 illustrates the preferred arrangement in which each character is provided with a 
rectangular bounding box and the vertical edges of the bounding boxes provide a limit to 
the closest approach of the characters. Fig. 14 illustrates the possibility which could arise 
if the limit indicated in Fig. 13 did not apply. 

Turning now to the situation where kerning values are stored for each character 
pair, as seen in Fig. 15, a pair of characters H, K are shown arranged "along the line" upon 
which a string of characters is to be written. Each character is located within its own 
bounding box 52 indicated by dotted lines. As is well known, in the process of kerning, 
the distance between the adjacent bounding boxes is adjusted in order to achieve an 
aesthetically pleasing result. Since the number of characters in a font is fixed, the kerning 
values are conveniently stored in memory with the appropriate value for each possible 
character pair being thus stored. 

In this way, as each successive character is placed in the string of characters, the 
appropriate kerning value is looked up and the necessary adjustment between the adjacent 
bounding boxes made. This is a quick and easy procedure which enables high speed 
printing or other display to be carried out. 

Fig. 16 illustrates a modified pair of characters which are modified by the 
application of a substantially sinusoidal wave to the character outline. The effect of the 



modification is to move the edge of the character, inwards, and outwards, by a 
predetermined amplitude "a" from its unperturbed position. In Fig. 16 the amplitude "a" 
of the sine wave is indicated (being one half the peak to peak value) and it will be 
apparent to those skilled in the art that since the characters are thus modified, there will 
need to be some modification of the kerning value for the modified character pair. 

In Fig. 15 the kerning value for the unmodified character pair is given by kj 
whilst in Fig. 16 the kerning value for the modified character pair is given as k. In 
accordance with the preferred embodiment of the present invention, since the outline of 
the right-hand side of the character H has been moved to the right by a distance a, and the 
outline of the left-hand side of the character K has been moved to the left by a distance 
equal to the amplitude a, the new kerning value k should be increased over the original 
kerning value kj by twice the amplitude a. That is, expressed mathematically: 

k == k 1 +2a [1] 
Fig. 17 schematically illustrates a circuit for carrying out the required 
modification in accordance with equation [1]. A read only memory 55 is used to store the 
kerning values for each pair of unmodified characters and is connected to one input of an 
adder 56, The other input of the adder 56 is connected to a register 57 loaded with a 
constant value which is twice the amplitude a. The output of the adder 56 is stored in a 
second memory in the form of RAM 58. 

Fig. 18 illustrates a pair of characters which are modified by application of a 
substantially sinusoidal wave to the character outline. The sinusoidal perturbation has a 
low frequency, and consequently has a wavelength which is substantially of the same 
order as the size of the characters. This results in the character outlines being adjusted 
outward (i.e. in a convex fashion) in some instances, and inward (i.e. in a concave 
fashion) in other cases. In Fig. 18, in accordance with the preferred embodiment of the 
present invention, the outline of the top right-hand side of character H has been moved to 
the left by a distance bi and the outline of the top left-hand side of character K has been 
moved to the left by a distance c t . Thus the new kerning value k should be decreased 



over the original kerning value by c ls and should be increased over the original kerning 
value kj by b\. That is, expressed mathematically; 

k = k 2 - Cl +bj [2j 

Alternatively, different aspects of the perturbed characters may be considered. 
Thus, since the outline of the right-hand centre of character H has been moved to the left 
by a distance b 2 and the outline of the left-hand centre of character K has been moved to 
the left by a distance c 2 , the new kerning value k should be decreased over the original 
kerning value k x by c 2 , and increased by b 2 . That is, expressed mathematically: 

k = k! - c 2 + b 2 [3] 

A general kerning adjustment equation may, therefore, be tailored to correctly 
kern text undergoing specific distortions. The general equation is expressed 
mathematically as follows: 

k = k 2 +f(a) + g(b) [4] 
where a is the amplitude of the perturbation applied to the left-hand character H, 

and b is the amplitude of the perturbation applied to the right-hand character K. 

Furthermore, f is an arbitrary function or operator which is applied to amplitude a, and g 

is an arbitrary function or operator which is applied to amplitude b. 

Fig. 19 schematically illustrates a generalization of the circuit depicted in Fig. 

17, the generalisation being in accordance with equation [4]. Register 57 (see Fig. 17) is 

replaced by two registers 68 and 69, whose contents (g(b) and f(a) respectively) are 

summed by adder 70. 

In printing or otherwise displaying the modified characters, the printer or other 

display device takes the kerning value for each pair of values from RAM 58 instead of 

from ROM 55 and in this way adjusts the kerning for the modification made to the 

characters. 

Turning now to Fig. 20, the above described methods are preferably practiced 
using a conventional general-purpose computer system 100, such as that shown in Fig. 20. 
The above described methods can be implemented as software, such as an application 
program executing within the computer system 100, In particular, the steps of the method 



- 12 - 



are effected by instructions in the software that are carried out by the computer. The 
software may be divided into two separate parts; one part for carrying out the methods; 
and another part to manage the user interface between the latter and the user. The 
software may be stored in a computer readable medium, including the storage devices 
described below, for example. The software is loaded into the computer from the 
computer readable medium, and then executed by the computer. A computer readable 
medium having such software or computer program recorded on it is a computer program 
product. The use of the computer program product in the computer preferably effects an 
advantageous apparatus for carrying out the embodiments of the invention. 

The computer system 100 comprises a computer module 101, input devices such 
as a keyboard 102 and mouse 103, output devices including a printer 1 15 and a display 
device 114. A Modulator-Demodulator (Modem) transceiver device 116 is used by the 
computer module 101 for communicating to and from a communications network 120, for 
example correctable via a telephone line 121 or other functional medium. The 
modem 116 can be used to obtain access to the Internet, and other network systems, such 
as a Local Area Network (LAN) or a Wide Area Network (WAN). 

The computer module 101 typically includes at least one processor unit 105, a 
memory unit 106, for example formed from semiconductor random access memory 
(RAM) and read only memory (ROM), input/output (I/O) interfaces including a video 
interface 107, and an I/O interface 113 for the keyboard 102 and mouse 103 and 
optionally a joystick (not illustrated), and an interface 108 for the modem 1 16. A storage 
device 109 is provided and typically includes a hard disk drive 110 and a floppy disk 
drive 111. A magnetic tape drive (not illustrated) may also be used. A CD-ROM 
drive 112 is typically provided as a non- volatile source of data. The components 105 
to 113 of the computer module 101, typically communicate via an interconnected bus 104 
and in a manner which results in a conventional mode of operation of the computer 
system 100 known to those in the relevant art. Examples of computers on which the 
embodiments can be practised include IBM-PC's and compatibles, Sun Sparcstations or 
alike computer systems evolved therefrom. 
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Typically, the application program of the preferred embodiment is resident on the 
hard disk drive 110 and read and controlled in its execution by the processor 105. 
Intermediate storage of the program and any data fetched from the network 120 may be 
accomplished using the semiconductor memory 106, possibly in concert with the hard 
5 disk drive 110. hi some instances, the application program may be supplied to the user 
encoded on a CD-ROM or floppy disk and read via the corresponding drive 1 12 or 1 1 1, or 
alternatively may be read by the user from the network 120 via the modem device 116. 
Still further, the software can also be loaded into the computer system 100 from other 
computer readable medium including magnetic tape, a ROM or integrated circuit, a 
10 magneto-optical disk, a radio or infra-red transmission channel between the computer 
module 101 and another device, a computer readable card such as a PCMCIA card, and 
q the Internet and Intranets including email transmissions and information recorded on 

| websites and the like. The foregoing is merely exemplary of relevant computer readable 

t media. Other computer readable media may be practised without departing from the 

*2 15 scope and spirit of the invention. 

Jg The above described methods may alternatively be implemented in dedicated 

[ 4 hardware (in addition to that disclosed in Figs. 17 and 19) such as one or more integrated 

;;f: circuits performing the functions or sub-functions of the method. Such dedicated 

57) hardware may include graphic processors, digital signal processors, or one or more 

;.n 20 microprocessors and associated memories. 

Fig. 21 illustrates an automatic kerning process flow diagram which incorporates 
a number of the embodiments previously described. Commencing with a process 2100, a 
left-hand character "n", and right-hand character "n+l", are to be considered. Thereafter, 
in a decision process 2102, a selection can be made of either a calculation method, or 
25 alternatively, a look-up method. Considering initially the calculation process, we are 
directed from the decision process 2102 to a process 2104 where a position for the left- 
hand character n is fixed. Thereafter, the right-hand character n+1 is notionally located at 
a position on the right hand side of n. In the next process 2108, the right hand character 
n+1 is progressively moved towards the left hand character n. At this point, a second 
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decision process 21 10 permits a selection between a histogram method, or alternatively a , 
contour method. Considering the histogram method initially, we are directed to a process 
2112 where a histogram is formed as was described in relation to Figs. 5 and 6. The 
following process 2114 determines a mean and variance for the calculated histogram, 
after which a kerning distance "k" is determined as a function "F" of a minimum kerning 
distance (kmi n ), and a mean, and variance of the aforementioned histogram. Thereafter, in 
a process 2118, the now-correctly positioned right-hand character n+1 is redefined as the 
left-hand character n, after which the overall kerning process is directed as depicted by an 
arrow 2130 back to the initial process 2100. In the event that a contour method is selected 
at the decision process 2110, contours are formed around the characters n, and n+1 in a 
process 2120, as was described in relation to Figs. 7 and 8. Thereafter, an intersection 
between selected contours is determined in a process 2122, after which a kerning distance 
k is determined as a function "G" of the intersection distance, this being performed in a 
process 2124. Thereafter, the overall process is directed to the process 2118, where the 
now correctly positioned right-hand character n+1 is redefined as the left-hand character 
n, and the overall kerning process is again directed as depicted by the arrow 2130 to the 
initial process 2100. Returning to the decision block 2102, if, instead of a calculation 
method, a look-up method is selected, amplitudes "a", and "b", are selected in a process 
2126, as has been described in relation to Fig. 18, and Equation [4]. Thereafter, a kerning 
distance k is determined as a function of original kerning function k,, and a function "f ' 
of amplitude a, and a second function "g" of amplitude b. Thereafter, the overall process 
is again directed to process 2118, and so on. 

The forgoing describes only some embodiments of the present invention and 
modifications, obvious to those skilled in the art, can be made thereto without departing 
from the scope of the present invention. 

For example, although a sinusoidal modification of the characters has been 
illustrated in Fig. 16, the modification could equally have been in the form of a square 
wave or a triangular wave or some other blurring or other distortion of the initial character 
outline. 
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In the context of this specification, the word "comprising" means "including 
principally but not necessarily solely" or "having" or "including" and not "consisting only 
of. Variations of the word comprising, such as "comprise" and "comprises" have 
corresponding meanings. 



